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Summary
Lexical-semantic processing impairments in aphasic patients with left hemisphere lesions and non-aphasic patients with right hemisphere lesions were investigated by recording event-related brain potentials (ERPs) while subjects listened to auditorily presented word pairs. The word pairs consisted of unrelated words, or words that were related in meaning. The related words were either associativelx related, e.g.
• i-* 'bread-butter or were members of the same semantic category without being associativelx related, e.g. 'churchvilla ' . The latter relationships are assumed to be more distant than the former ones. The most relevant ERP component in this study is the N400. In elderly control subjects, the N400 amplitude to associativelx and semantically related word targets is reduced relative to the N400 elicited by unrelated targets. Compared with this normal N400 effect, the different patient groups showed the following pattern of results: aphasic patients with only minor comprehension deficits (high comprehenders) showed N400 effects of a similar size as the control subjects. In aphasic patients with more severe comprehension deficits (low comprehenders) a clear reduction in the N400 effects was obtained, both for the associative and the semantic word pairs. The patients with right hemisphere lesions showed a normal N400 effect for the associativelx related targets, but a trend towards a reduced N400 effect for the semantically related word pairs. A dissociation between the N400 results in the word pair paradigm and P300 results in a classical tone oddball task indicated that the N400 effects were not an aspecific consequence of brain lesion, but were related to the nature of the language comprehension impairment. The conclusions drawn from the ERP results are that comprehension deficits in the aphasic patients are due to an impairment in integrating individual word meanings into an overall meaning representation. Right hemisphere patients are more specifically impaired in the processing of semantically more distant relationships, suggesting the involvement of the right hemisphere in semantically coarse coding.
semantic deficits in Wernicke's and Broca's aphasia. First, despite significantly longer response latencies, Wernicke's aphasics consistently showed the same pattern of results as the normal control subjects, i.e. both the control subjects and the Wernicke patients needed less time to recognize the target as a word when it was preceded by an associatively related word (Blumstein et a l., 1982; Milberg et a l., 1987; Friedman et al., 1988; Hagoort, 1993) . Secondly, surprisingly, Broca's aphasics had a less stable pattern of performance. Some investigators reported no priming effects in these patients (Milberg and Blumstein, 1981; Milberg et al., 1987) . In other studies, however, Broca patients showed the expected priming effect (Blumstein et a l., 1982; Katz, 1988; Hagoort, 1993; Ostrin and Tyler, 1993) . Tw'o general conclusions have been drawn from these results. First, for many aphasic patients lexical-semantic deficits are not due to a loss of 'the integrity of the stored lexical knowledge base' (Milberg et a l., 1987, p. 139 ), but rather relate to a problem in the processing operations on lexical-semantic information. Thus, Wernicke's aphasics seem to be able to retrieve word meaning automatically, but fail in further exploiting this information when they have to elaborate on aspects of the retrieved word meanings (cf. Graf and Mandler, 1984; Hagoort, 1993) . The second conclusion that has been drawn, is that Broca's aphasics might suffer from an impairment in the automatic routines to access lexical-semantic information (Milberg et a l., 1987) .
Two criticisms have been raised against claims based on the results of these priming studies. The first criticism concerns the conclusion that semantic deficits in Wernicke's aphasics are not a consequence of structural impairments of the semantic lexicon. The second criticism focuses on the claim that Broca's aphasics are impaired in automatic lexical access.
Apart from the Friedman et al. (1988) study, all priming studies in which Wernicke patients showed priming effects used primes and targets that were not only semantically related, but were also strong associates. It has been suggested that in these cases priming effects are not necessarily a result of semantic relatedness, but could be due to connections between the word form representations (Fischler, 1977; Lupker, 1984; Moss, 1991; Shelton and Martin, 1992) . Therefore, these results are thought to be inconclusive with respect to the nature of lexical-semantic deficits in aphasia. To meet this criticism, we used purely semantic, nonassociatively related word pairs, in addition to word pairs that were strong associates.
Introduction

Lexical-semantic impairments in aphasia
In this study, the presence and nature of lexical-semantic processing impairments in brain-damaged patients with Broca's aphasia, Wernicke's aphasia, or without aphasia, were investigated. Lexical-semantic deficits were tested by recording ERPs while subjects were engaged in listening to pairs of words that were either related or unrelated in meaning.
Impairments in the processing of word meaning have long been known to be one of the possible consequences of brain damage. Patients w'ith Wernicke's aphasia, in particular, have been found to be severely impaired in lexical-semantic processing (e.g. Zurif <?/<//., 1974; Goodglass and Baker, 1976; Grober et al., 1980) . Evidence fora lexical-semantic deficit in these patients was mostly obtained by asking them for explicit judgements about the semantic aspects of the word input. Zurif et al. (1974) , for instance, presented aphasic and control subjects with triplets of words and required them to select the two that best went together. The words varied along semantic dimensions such as human-nonhuman, ferocious-harmless, etc. The Wernicke's aphasics completely failed in grouping the words according to their shared semantic features. Results of this study and of other studies asking for explicit semantic judgements led to the claim that semantic deficits in Wernicke's aphasia resulted from a partial loss or disintegration of the representational structures for semantic information (e.g. Zurif et al., 1974; Grober et al., 1980) . In contrast to the Wernicke's aphasics, the performance of Broca's aphasics in the previously mentioned studies was close to normal. Their results, together with the clinical impression of fairly preserved language comprehension in most Broca's aphasics, led to the belief that their semantic lexicon was structurally largely unaffected.
This overall picture has been challenged by a number of recent word priming studies with aphasic patients (Milberg and Blumstein, 1981; Blumstein et a l., 1982; Milberg et a l., 1987; Friedman et al., 1988; Katz, 1988; Chenery et al., 1990; Prather et a l., 1992; Hagoort, 1993; Ostrin and Tyler, 1993) . In these studies, subjects had to make a lexical decision, i.e. they had to decide as quickly as possible whether orthographically legal letter strings or phonotactically legal sound sequences were existing words or not. It has been firmly established that lexical decisions by neurologically unimpaired subjects are made faster and more accurately to words that are primed by a preceding word that is related in meaning, than to words preceded by an unrelated word context (Meyer and Schvaneveldt, 1971 ; for review, see Neely, 1991) . These priming effects reflect, directly or indirectly, that lexical concepts in semantic memory are clustered according to some matrix of semantic similarity (cf. Collins and Loftus, 1975) . A prerequisite, therefore, for obtaining priming effects is that the semantic lexicon is structurally largely unaffected.
patients deviated in two aspects from the standard picture on in patients with Broca's aphasia (Blumstein et a l., 1982; Katz, ERP study o f aphasia 629 1988; Milberg et a l., 1988; Hagoort, 1993; Ostrin and Tyler, 1993) . In two studies only, were normal priming effects not obtained (Milberg and Blumstein, 1981; Milberg et al., 1987) .
The theoretical weakness of the claim resides in the implicit assumption that word priming studies only or mainly tap automatic processing of lexical information, including word meaning. As has been argued elsewhere (Hagoort, 1993) , there is convincing evidence (Neely, 1977 (Neely, , 1991 Balota and Chumbley, 1984; de Groot, 1984; Seidenberg et a l., 1984; de Groot et a l., 1986; Keefe and Neely, 1990 ) that priming effects can be attributed to both automatic and more controlled priming mechanisms, such as expectancy induced priming and semantic matching (Neely, 1991) . A number of factors determine whether automatic or controlled priming mechanisms are the main contributors to the overall priming effect. One of these factors is the stimulus onset asynchrony (SOA) between prime and target. Automatic priming is mainly tapped at short SOAs, whereas controlled priming mechanisms contribute largely to priming effects observed at long SOAs (e.g. Neely, 1977 Neely, , 1991 de Groot, 1984) . In the studies in which no priming effects were observed in the Broca's aphasics (Milberg and Blumstein, 1981; Milberg et al., 1987) , investigators used relatively long intervals between the onsets of the primes and the targets. Hagoort (1993) varied the interval between primes and targets, and observed basically normal priming results at short intervals but no priming at long intervals in a group of Broca's aphasics and a group of Wernicke's aphasics. Therefore, it cannot be safely concluded that the absence of a priming effect in the studies of Milberg and colleagues (Milberg and Blumstein, 1981; Milberg et al., 1987) is due to an impairment in automatic lexical processing. Overall, the results of the reaction time priming studies with aphasic patients suggest that a more likely functional locus of reduced or absent priming effects is at the post-lexical level of semantic matching of primes and targets.
Other factors potentially influencing the priming results are the task requirements. These might induce strategic factors that are not normally (i.e. during ordinary language comprehension) involved in lexical processing (cf. C. M. Brown, P. Hagoort and D. Chwilla, unpublished results; Chwilla et al., 1995) . In this study we tried to avoid non mandatory, task-induced strategic influences as much as possible, by requiring subjects to perform only the natural task, which in this case is listening to auditorily presented words.
Language impairment after right hemisphere lesion
It is by now fairly well-established that the right hemisphere can play a role in some aspects of language comprehension (cf. Zaidel, 1985; Joanette et al., 1990) . Lexical-semantic processing is clearly one of these aspects (e.g. Heeschen and Jurgens, 1977; Gainotti et al., 1981; Drews, 1987; Chiarello, 1988; Gazzaniga and Miller, 1989; Coney, 1990, 1993; Chiarello et al., 1990 Chiarello et al., , 1992 Rodel et al., 1992; Beeman et al., 1994) . One kind of evidence for the involvement of the right hemisphere in lexical-semantic processing comes from patients with right hemisphere brain damage. These patients are reported to be impaired in retrieving or using lexical-semantic information (e.g. Gainotti et al., 1981) .
Different and often not very well-articulated views, however, exist about the nature of the right hemisphere competence for lexical-semantic processing (cf. Joanette et al., 1990) . In general, the current evidence suggests that the left and right hemisphere might be differentially sensitive to specific types of semantic relationships (e.g. Drews, 1987; Chiarello et al., 1990; Rodel et al., 1992; Beeman et al., 1994) . A stronger right hemisphere effect for word pairs that were semantically but not associatively related has been observed (e.g. Chiarello et al., 1990; Rodel et al., 1992) . Chiarello et al. (1990) , for instance, observed a left visual field/right hemisphere advantage in the size of the priming effect for word pairs that were purely semantically related, but not for words that were also associatively related. These results are compatible with the claim of Beeman et al. (1994) that the left hemisphere is more effective in processing strongly related words, whereas the right hemisphere becomes more effective when the semantic distance between the words increases.
The present study enables a comparison of ERP effects to the processing of very strongly related, associative word pairs, and to the processing of more distantly, purely semantically related word pairs. The more distant meaning relationships between the semantically related word pairs, is demonstrated by the fact that the second word of the related pairs was never produced by subjects in an association test. Association tests usually elicit words that are closely related in meaning to the stimulus word. On the basis of the current evidence in the literature we should expect that the patients with right hemisphere lesions show more abnormal ERP effects for the semantically related word pairs than for the associatively related word pairs.
Event-related brain potentials and word priming
In this study, we recorded ERPs while subjects were listening to word pairs. Scalp-recorded ERPs reflect the summation of the synchronous post-synaptic activity of a large population of neurons. Event-related potentials differ from background EEG in that they reflect brain electrical activity time-locked to particular stimulus events. The time-locked average waveform typically includes a number of positive and negative peaks with a specific distribution over the scalp, usually referred to as components.
For the purposes of neurolinguistically oriented ERP research, the most informative ERP components belong to the class of the so-called 'endogenous' components. Endogenous components are relatively insensitive to variations in physical stimulus parameters (e.g. size, intensity), but highly responsive to the cognitive processing consequences of the stimulus events. The modulations in amplitude or latency of an endogenous ERP component as a consequence of some experimental manipulation, usually form the basis for making inferences about the nature of the underlying cognitive processes.
Event-related potential recordings have at least two advantages when investigating language impairments in neurological patients (cf. Hagoort and Kutas, 1995) . One is that reliable ERP effects can be obtained even in the absence of any additional task over and above the natural one of listening to speech or reading words and sentences. Especially for testing patients with severe comprehension deficits, the absence of an additional task might be beneficial. Moreover, the absence of an additional task also prevents its possible interference with the language processes that one wishes to investigate. The other advantageous aspect of ERPs is that they are tightly linked in time to the underlying language processing events. They are therefore believed to allow inferences not only about the types of linguistic information that patients are (in)sensitive to, but also about possible changes in the time course of retrieving and exploiting the relevant sources of information during language comprehension.
The most relevant ERP component for this study is the N400. The N400 was first reported by Kutas and Hillyard (1980) . These authors observed the presence of a large negative deflection in the ERP waveform to a semantically anomalous word in a sentence context, e.g. the word kdog' in the sentence 'I take coffee with cream and dog' elicits a large N400 component. The N400 elicited by an anomalous content word occurring at different positions within a sentence, usually (i.e. with healthy student subjects) peaks between 380 and 440 ms and is larger over posterior than over anterior regions of the scalp (Kutas and Hillyard, 1983) . The difference in the amplitude of the N400 to the semantic anomaly and its control (e.g. the ERP to 'sugar' in T take coffee with cream and sugar') is referred to as the N400 effect. Since its first report, it has become clear that N400 effects can be obtained with a variety of paradigms and using a variety of language stimuli, by no means restricted to violations (for reviews, see Van Petten, 1988, 1994; Hagoort and Kutas, 1995) .
N400 effects are not only obtained in a sentence context, but can also be observed in response to content words that are preceded by only one other content word. The ERP to the second of a pair of words that are associatively or semantically related is characterized by a reduction in N400 amplitude relative to words that are preceded by an unrelated word (e.g. Bentin et a l., 1985; Rugg, 1985 Rugg, , 1987 Boddy, 1986; Kutas and Hillyard, 1989; Holcomb and Neville, 1990, 1991) . This N400 semantic priming effect has been observed for both written and spoken words. For spoken words, the N400 effect appears to be earlier and more prolonged, as well as symmetric or slightly larger over the left than the right hemisphere (Holcomb and Neville, 1990) . With respect to the processing nature of the N400 effect, there is recent evidence that both in a sentence and at the word-word level it primarily reflects post-lexical processes that are involved in semantic integration (Rugg et a l., 1988; Brown and Hagoort, 1993; Hagoort et al., 1993; Holcomb, 1993; Chwilla et a I., 1995; C. M. Brown, P. Hagoort and D. Chwilla, unpublished results) .
The major goal of this study is to further determine the nature of lexical-semantic processing deficits in aphasic patients by assessing N400 priming effects in these subjects. Wc investigated N400 effects in these patients not only in relation to their aphasia syndrome (Broca's or Wernicke's aphasia), but also, independent of their syndrome classifica tion, with respect to their scores on a comprehension subtest of a standardized aphasia test battery. This allows us to evaluate the influence of the severity of the comprehension deficit on the N400 priming effects.
To determine whether possibly abnormal N400 effects in the aphasic patients can be related in a meaningful way to their specific comprehension deficit, a number of additional recordings were done (see Hagoort and Kutas, 1995) . First, a control group of neurologically unimpaired subjects was tested. These elderly controls were matched to the patients on age, education and handedness. c r Secondly, in order to determine the linguistic specificity of possibly abnormal ERPs, we also tested the patients in a non-linguistic cognitive task. For this purpose we presented tone stimuli in a classical oddball paradigm. It is a standard observation in ERP research that in neurologically intact subjects the infrequently presented tones in such a paradigm elicit a large positive deflection in the ERP waveform (cf. Fabiani et al., 1987) . Very often this positivity reaches its maximal amplitude at -300 ms after stimulation, and is therefore known as the P300. We tested whether or not possible changes in the N400 to word stimuli were correlated with the P300 elicited in the tone oddball paradigm. If, in patients, changes in N400 effects are exactly matched by changes in P300 effects, these changes might be indicative of a less specific consequence of brain damage or a less specific cognitive deficit than one would conclude from clear dissociations between the results for these two endogenous c r components.
Finally, in addition to the aphasic patients and the elderly controls, we tested a group of non-aphasic subjects with right hemisphere lesions. The testing of these patients served two purposes. The first purpose is to increase our understanding of the contribution of the right hemisphere to lexical-semantic processing. The second purpose is to obtain evidence on the specificity of N400 changes in the aphasics, by looking at patterns of associations and dissociations between the results of non-aphasic patients with right hemisphere lesions and aphasic patients with left hemisphere lesions.
Methods
Subjects
The subjects in this experiment were 20 aphasic patients, eight patients with right hemisphere lesions, and 12 elderly controls. The elderly control subjects and the patients with right hemisphere lesions were paid for their participation. The testing procedures were approved by the ethical committee of the Nijmegen University Hospital. All healthy control subjects and all neurological patients gave informed consent, according to the declaration of Helsinki. All subject groups were approximately matched with respect to age and level of education. All elderly control subjects were right-handed according to an abridged version of the Oldfield Handedness Inventory (Oldfield, 1971) . None of these subjects reported Token Test is a valid measure of the general severity of the aphasia, independent of syndrome type (Orgass, 1986; Willmes, 1993) . The general severity of the aphasia ranged from light to severe. The Token Test results also substantiate that none of the patients with right hemisphere lesions was aphasic (see Table 1 ).
All lesions, except one, were due to cerebrovascular accidents. The lesion of one patient (Patient 13) was due to a bacterial meningitis. Figures 1, 2 and 3 give the CT/MRI lesion data of all the patients for whom adequate CT/MRI information was available. Lesions evident on a CT/MRI scan were transcribed onto corresponding CT/MRI templates by an experienced neurologist. These CT/MRI templates were read into a computer program that permitted reconstruction of the lateral perspective, determination of lesion volume, and the computation of the group-averaged lesions (Frey et a l., 1987;  for detail, see Knight et a l., 1988) . Figures 1, 2 and 3 show the average axial reconstructions and lateral views of the Broca's aphasics, the Wernicke's aphasics and the patients with a right hemisphere lesion, respectively. Although the lesions of both patients with a Broca's aphasia and patients with a Wernicke's aphasia cover a large area of the left hemisphere, Fig. 1 shows that the averaged lesion in the Broca's aphasics has its largest area of overlap in the left posterior frontal lobe with some temporal lobe involvement, whereas the averaged lesion of the Wernicke's aphasics (see Fig. 2 ) shows a more left posterior focus, largely restricted to the superior and middle temporal lobe with some parietal involvement. The averaged lesion of the patients with right hemisphere lesions (Fig. 3) shows a more diffuse image without a clearly focused area of overlap.
The mean age for the normal control subjects was 59.3 years (range 50-70 years), the mean age for the patients with right hemisphere lesions was 57.4 years (range 43-71 years); for the Broca's aphasics it was 54.4 (range 27-72 years), and for the Wernicke's aphasics it was 57.4 (range 45-67 years).
Materials
The stimuli consisted of two lists of auditorily presented Dutch word pairs. Each list contained 83 word pairs that were related in meaning, and an additional 83 unrelated pairs.
In line with the standard usage in the literature on word priming, we will refer to the first word as the prime, and to the second as the target. The lists differed with respect to the type of relationship between the words in the related pairs.
In the associative list, the related word pairs (e.g. 'breadbutter') consisted of strong associates. A pair was considered to be associatively related if the target word appeared as an associate of the prime in published Dutch word association norms (de Groot, 1980; Lauteslager et a l., 1986; de Groot and de Bil, 1987) . All related target words, except four, appeared as the first associate in the norms. The targets had a mean association frequency of 45.9% (SD = 15.2). Targets in the related and unrelated condition were closely matched in lexical frequency. The frequencies were established on the basis of Dutch frequency norms for a corpus of 720 000 words (Uit Den Boogaart, 1975) . Targets had a mean lemma frequency of 87.6 (SD = 134.9) in the related condition and 79.1 (SD = 149.8) in the unrelated condition. The mean duration of the auditory primes was 584 ms (SD = 99 ms). The targets had a mean duration of 562 ms [549 ms in the related condition (SD =101 ms), and 574 ms in the unrelated condition (SD = 94)].
In the semantic list, all related word pairs were nouns that were semantically, but not associatively, related (e.g. 'churchvilla'). As items for the semantic list we selected prototypical members of 31 semantic categories. Prototypicality ratings were derived from Vonk (1977) and from a short pre-test. Related word pairs were constructed by pairing two members of the same semantic category (e.g. 'church-villa'). The unrelated items were constructed by pairing members from The aphasic patients were clustered on the basis of their comprehension scores into high comprehenders (HC) and low comprehenders (LC). Ranges of severity are based on the norms of the Dutch version of the AAT. ^'Severity of disorder as indicated by the Token Test: no/very mild disorder (0-6); light (7-23); middle (24-40); severe (>40). Severity of comprehension disorder as indicated by the AAT subtest comprehension (includes word and sentence comprehension in both auditory and visual modality): severe ( 1-66); middle (67-89); light (90-106); no/very mild disorder (107-120). In addition, the score on the auditory part of the comprehension subtest (both words and sentences) is specified. different semantic categories (e.g. 'hand-cherry'). All primes of the word pairs that were constructed in this way were used in an association test. In this test, 20 subjects from the University of Nijmegen who were paid for their participation, were required to write down for every prime, the first three words that came to mind. One or more occurrences of the target word among the 60 responses to a prime, led to the removal of the word pair from the stimulus list. In this way we established that none of the remaining 83 semantically related word pairs were also associatively related. The targets in both conditions were closely matched in lexical frequency. The 83 related targets had a mean lemma frequency of 40.5 (SD = 76.4). The mean lemma frequency of the unrelated targets was 33.7 (SD = 69.2). The primes had a mean duration of 593 ms (SD = 111 ms). On average the targets had a duration of 583 ms [586 ms in the related condition (SD = 105 ms), and 579 ms in the unrelated condition (SD =111 ms)].
The 166 experimental items of each list were preceded by six start-up items. The experimental session began with a set of 48 practice items to familiarize the subjects with the experimental situation. See the Appendix for the full set of the experimental items.
All words were spoken by a female speaker in a soundattenuating booth and recorded on a digital audio tape. Subsequently, the stimuli were stored in a VAX 750 computer. A speech waveform editing system was used to construct the word pairs. A pulse for triggering the EEG sampling programme was placed 150 ms before prime onset. The pulse was inaudible to the subjects. The SOA between primes and targets was 1183 ms. The silent interval between primes and targets varied between 300 and 840 ms. Word pairs were separated by a 4-s silent interval. One digital audio test tape was constructed containing the practice set and both experimental lists.
In addition to the test tapes with word stimuli, a digital audio tape was constructed with tones. This tape contained 300 tones, 60 tones of 1 kHz and 240 tones of 2 kHz. The tones were presented in a random order with a frequency of 1 s_l, and had a duration of 20 ms. A trigger pulse was placed 150 ms before the onset of each 1 kHz tone, and before the onset of 60 randomly chosen 2 kHz tones. The 300 experimental tones were preceded by a practice set of 50 tones (10 tones of 1 kHz, and 40 tones of 2 kHz), to familiarize the subjects with the stimuli and the task.
Procedure
The subjects were tested individually in a dimly illuminated sound-attenuating booth, seated in a comfortable reclining The elderly controls were tested in one session, a total of 35 min of stimulation. The order of presentation of the two word lists was counterbalanced across subjects. The patients were tested in two separate sessions. Each session started with the practice list to familiarize the subjects with the stimulation situation and to train them to fixate their eyes during word presentation and to blink between trials. If necessary, the practice list was repeated. The experimental lists were interrupted at least four times for a short break. The order of the associative and semantic list session was counterbalanced as much as possible for the three patient groups.
At the end of a session, the subjects were interviewed about the salient features of the word stimuli. This was done to test whether they had noticed the semantic relationships between words.
The ERPs to the tones in the oddball paradigm were recorded in a separate session. Subjects were asked to count the low tones silently, and to give a running total at the end of the session. Patients who were unable to count, were assessed in the practice session for their ability to discriminate and AR. respectively) were placed halfway between F7 and T3, and F8 and T4 sites, respectively. Symmetrical posterior temporal electrodes (PL, PR) were placed lateral (by 30% of the interaural distance) and 13% posterior to the vertex. Vertical eye movements and blinks were monitored via a supra-to sub-orbital bipolar montage. A right to left canthal bipolar montage was used to monitor for horizontal eyemovements. Activity over the right mastoid bone was recorded on an additional channel to determine if there were differential contributions of the experimental variables to the two presumably neutral mastoid sites. No such differential effects were observed in any of the data.
The EEG and electrooculography recordings were amplified with Nihon Kohden AB-601G bio-electric amplifiers, using a Hi-Cut of 30 Hz and a time constant of 8 s. Impedances were kept below 5 kQ. The EEG and EOG were digitized on-line with a sampling frequency of 200 Hz. Sampling started 150 ms before the presentation of the prime, and in the oddball task 150 ms before the sampled tones. Sampling for the word stimuli continued for a period of 3 s, between the 1 and 2 kHz tones, by asking them to raise their and 850 ms for the tone stimuli. The experimental trials were index finger upon the occurrence of a low tone. All patients showed good discrimination performance. stored along with condition codes for off-line averaging and data analysis.
EEG recording
EEG activity was recorded using an Electrocap with seven scalp tin electrodes, each referred to the left mastoid. Three electrodes were placed according to the International 10-20 system (Jasper, 1958) at frontal, central and parietal sites. Symmetrical (left and right) anterior temporal electrodes (AL
Results
First we will discuss the N400 effects for the two lists of word pairs. Then we will discuss the P300 effects in the tone oddball task. In a final result section, we present individual subject comparisons between the ERP measurements. 
Analysis of N400 effects
Prior to off-line averaging, all single trial waveforms were screened for electrode drifting, amplifier blocking and other artifacts. Trials containing such artifacts were rejected. For subjects with a substantial number of blinks, single trials were corrected via a procedure described by Gratton et a l (1983) . This correction procedure estimates and removes the contribution of eye blinks from the ERP recorded at each electrode site. For the time-locked latency windows (for analyses, see below), the overall rejection rate was 23% for the elderly controls, 32% for the aphasic patients, and 35% for the patients with right hemisphere lesions.
Average waveforms were computed by subject over the related and unrelated target words (i.e. the second words of the pairs) in the associative and the semantic list. Statistical analyses on the N400 effects were performed on the basis of the mean amplitudes in the latency range of 400-750 ms post target. This latency range was determined on the basis of a visual inspection of the waveforms (see , and is certainly later than the latency range of N400 effects usually observed for young student subjects, but fits with earlier reports on the longer latency of N400 effects in elderly subjects (Harbin e ta l.y 1984; Gunter etal., 1992) . Calculations of the mean amplitudes were done separately for each of the seven electrodes, relative to a 100 ms pre-target baseline. Since the N400 effects show a clear posterior distribution, only the values for the centroparietal electrode sites were entered into the statistical analyses. The mean amplitude values were entered into a repeated measures ANOVA for each subject group separately. In the analyses, Subjects, Relatedness (related, unrelated), Type of Relationship (associative, semantic), and Electrode Site (Cz, Pz, PL, PR) were completely crossed. In addition, ANOVAs were performed in which the patient data were compared with the data of the normal controls. These analyses had Group of Subjects (normal controls, patient group) as the additional between-subject factor. To compensate for inhomogeneous variances and covariances across treatment levels, the Greenhouse-Geisser correction was applied when evaluating effects with more than one degree of freedom in the numerator (Greenhouse and Geisser, 1959;  see Winer, 1971) . The adjusted degrees of freedom and P values will be presented.
Given that lesion consequences on volume conduction are not easy to quantify, one has to be very careful in assigning a cognitive-functional interpretation to subtle differences in the scalp distributions of the ERP effects between the different subject groups. Although we will describe the distributional aspects of the effects, as a result of this difficulty of quantifying lesion consequences on scalp topography, we will not attach any substantial functional significance to distributional differences between subject groups. Figure 4 shows the average waveforms to related and unrelated target words in the associative list for the group of 12 normal controls. Figure 5 shows the average waveforms for the semantic list in the same group of subjects. Both Figs 4 and 5 show sizeable N 1 and P2 components following the onset of the spoken target words. These components are followed by a broad negative deflection with a clear posterior, but symmetrical distribution. This negative deflection is very similar in topography to previously observed N400s to spoken words (Holcomb and Neville, 1990 ). The N400 is substantially larger to unrelated than to related target words. This relatedness effect holds for both lists, as is substantiated by the ANOVA on the mean amplitude in the 400-750 ms range post-target. The analysis yielded a significant effect of Relatedness [^(1,11) = 25.07, MSe = 7.40, P = 0.0004), but no interaction between Type of Relationship and Relatedness (F < 1). The size of the N400 effects is not statistically different for the associative (-2.01 |iV) and the semantic (-1.92 }iV) list.
Normal controls
In addition to the N400 effects, the amplitude of the P2 is larger in the related than in the unrelated target waveforms. This P2 effect is larger for the semantic list than for the associative list. The P2 amplitude is not known to be sensitive to aspects of the semantic relationship between words. Moreover, the possibility that the P2 effect is due to an overlapping, differential N400 for related and unrelated targets, cannot be easily discarded. We will therefore focus our discussion of the results mainly on the N400, as the functionally most relevant component for this study. components, albeit that the N 1 is slightly reduced in amplitude relative to the control subjects.
Aphasic patients
The N400 is also clearly present in the waveforms, and shows the usual centroparietal maximum. In the associative list but not in the semantic list, it is slightly larger over the left posterior electrode (PL) site than over the right posterior electrode (PR) site. Most importantly, the N400 amplitude is larger for the unrelated than for the related target words. This N400 effect is found to be statistically reliable in an ANOVA, which obtained a significant effect of Relatedness [F( 1,12) = 26.70, MSe = 4.99, P = 0.0002]. However, no significant Type of Relationship by Relatedness interaction was found (F < 1). The size of the N400 effect was not statistically different for the associatively related word pairs (-1.79 |iV) and the semantically related pairs (-1.41 |iV). An ANOVA with Group of Subjects (normal controls, Broca's aphasics) as between-subject factor neither obtained a significant Group of Subjects by Relatedness interaction (F < 1), nor a significant third order interaction between to the unrelated targets (continuous line) and the related targets (dotted line) in the semantic list. are reduced in the Wernicke's aphasics relative to the control subjects. The N400 is also clearly reduced, but has retained its centroparietal distribution. The N400 seems to be slightly larger over the right hemisphere than over the left hemisphere, especially in the semantic list (see Fig. 8 ). Overall, an N400 effect is still present. The ANOVA on the mean amplitude in the 400-750 ms latency range yielded a significant effect of Relatedness [F(l,6) = 6.15, MSe = 3.27, P = 0.048), but no interaction between Type of Relationship and Relatedness due to effects of similar size in the associative list (-0.78 jjV) and the semantic list (-0.92 }iV). However, a significant three-way interaction between Type of Relationship, Relatedness and Electrode Site was obtained. This interaction is mainly caused by the asymmetrical N400 effect in the semantic list, in which electrode PR showed a clear N400 effect but electrode PL did not (see Fig. 9 ). The ANOVA with Group of Subjects (normal controls, Wernicke's aphasics) as the between-subject factor, resulted in a marginally significant interaction between Group of Subjects and Relatedness was observed (F < 1), indicating that the reduction held equally for the associatively and semantically related word pairs.
Group of Subjects, Relatedness and Type of Relationship
High versus low comprehenders
The classification of aphasic patients into syndrome categories is biased by deficit symptoms in language production. In addition, the legitimacy of categorizing patients by syndromes is an issue of dispute among neurolinguistic researchers (cf. Caramazza, 1984 Caramazza, , 1986 Caplan, 1988; Shallice, 1988; Bates et a l., 1991) . We therefore decided to group the aphasic patients in a way that was more directly related to the severity of their individual language comprehension deficit, i.e. the 20 aphasic patients were divided into a group of high and a group of low comprehenders on the basis of their language comprehension scores on the Aachen Aphasia Test. A median split of the comprehension scores determined for each individual aphasic patient in which group he or she belonged. Two patients were excluded from this analysis. One patient ( the N400 effects in the high and low comprehenders. In order to get two groups of equal size, we excluded the oldest of two patients with a tie at the median score (Table 1 , Patient 9). The resulting group of nine high comprehenders had a mean score of 98.3 (SD = 7.2) on the comprehension subtest of the AAT, the group of nine low comprehenders had a mean score of 71.9 (SD = 14.7) {see Table 1 for individual subject information). The ANOVA on the mean amplitudes of these 18 aphasic patients with Group of Subjects (high comprehenders, low comprehenders) as the additional factor yielded a significant effect of Relatedness [F(l,16) = 49.05, MSe = 2.57, P < 0.0001]. In addition, a significant Group of Subjects by Relatedness interaction was obtained [Fi 1,16) = 9.07, MSe = 2.57, P = 0.008]. Both subject groups showed a significant N400 effect (high comprehenders, F( 1,8) = 48.69, MSe = 2.65, P = 0.0001; low comprehenders, F{ 1,8) = 8.21, MSe = 2.49, P -0.021), but the N400 effect was substantially larger in the high comprehenders (-1.89 |iV) than in the low comprehenders (-0.75 |iV). This was equally true for the associatively related targets (high comprehenders, -2.18 jiV; low comprehenders, -0.86 |iV) and for the semantically related targets (high comprehenders, -1.60 |iV; low comprehenders, -0.65 |iV).
Two ANOVAs comparing the data of the high and low comprehenders against the normal controls resulted in a significant interaction between Group of Subjects and Relatedness for the low comprehenders [F( 1,19) = 5.67, MSe = 5.33, P = 0.028), but not for the high comprehenders (F < 1). In neither case was there a significant three-way interaction between Group of Subjects, Type of Relationship, and Relatedness (both Fs < 1).
Together, these analyses indicate that the low compre henders showed a reduction in N400 effect compared with both normal controls and high comprehenders, whereas these latter two groups did not differ.
Patients with a right hemisphere lesion
Figures 10 and 11 present the averaged waveforms for the group of eight non-aphasic patients with right hemisphere lesions. Relative to the elderly controls, these patients also show a reduction in the amplitude of the N l, which is quite comparable in size to that of the aphasic patients. For unclear reasons, in the semantic list the N l seems to be reduced in the unrelated compared with the related condition, mainly over the posterior sites. However, most importantly, N400s with the characteristic centroparietal distribution are also observed in the patients with right hemisphere lesions.
In contrast to the elderly controls and the aphasic patients, however, the effects for the associative and semantic list seem to be different in the patients with right hemisphere lesions. In the associative list ( Fig. 10) a clear N400 effect with a centroparietal distribution is obtained, larger over the PL site than over its right posterior homologue. In contrast, in the semantic list (Fig. 11 ) the N400 effect is much smaller than the effect in the associative list, especially for the posterior electrode sites. In addition, the N400 effect is larger for electrode PR than for electrode PL.
The ANOVA on the mean amplitudes of the eight patients with a right hemisphere lesion resulted in a marginally significant main effect of Relatedness [F( 1,7) = 4.51, MSe = 13.82, P = 0.07]. Although the Type of Relationship by Relatedness interaction failed to reach significance [F(l,7) = 3.42, MSe = 3.88, ^ = 0.11], there was a substantial difference in the size of the N400 effect for the associative list (-2.04 jaV) and the semantic list (-0.75 (aV) . Note that for the associative list, the N400 effect is of equal size to that of the normal controls. However, the effect for the semantic list seems to deviate from the pattern of the normal control group.
The suggestion of a difference in effects for associatively related and semantically related word pairs was supported by the results of separate ANOVAs for the associative and the semantic list, which yielded a marginally significant effect for the associatively related word pairs [F(\J) = 4.85, MSe = 13.73, P = 0.063]. However, no significant effect was obtained for the semantically related word pairs [F( 1,7) = 2.28, MSe = 3.97, P = 0.17].
An additional ANOVA with Group of Subjects (normal controls, patients with right hemisphere lesions ) as betweensubject factor did not yield a significant Group of Subjects by Relatedness interaction (F < 1).
In summary, the data suggest that the patients with right hemisphere lesions are closer to the normals for the associative N400 effects than for the semantic N400 effects. Partly as a result of a lack of statistical power due to a limited number of patients, this difference between the associative and the semantic N400 effects is only weakly supported by the statistical analyses.
Analysis of P300 effects
Artifact rejection and correction procedures were identical to the ones for the target word ERPs. The overall rejection rate was 13% for the elderly controls, 14% for the aphasic patients and 14% for the patients with right hemisphere lesions.
Average waveforms were computed by subject over the 60 rare tones (oddballs) and 60 randomly selected frequent tones (standards). Statistical analyses on P300 effects were performed on the mean amplitudes in the latency range of 250-500 ms after tone onset. Mean amplitudes were computed relative to a 150 ms pre-stimulus baseline. The resulting values were entered into a repeated measures ANOVA for each subject group separately. In the analyses. Subjects, Probability (standards, oddballs) and Electrode Site (Cz, Pz, PL, PR) were completely crossed. In addition, ANOVAs were performed in which the patient data were compared with the data of the normal controls. These analyses had Group of Subjects (normal controls, patient group) as the additional between-subject factor.
Normal controls
For different reasons, only nine of the 12 normal control subjects were available for participation in the tone oddball task. Figure 12 shows the averaged waveforms of these nine subjects for the standard and oddball tones. The figure shows clearly that the oddball tones elicited a substantially larger P300 than the standard tones. For the centroparietal electrode sites, the sizeable effect of 7.29 |iV was statistically significant 
Aphasic patients
We were unable to collect ERPs to the tone oddball task for two of the 20 aphasic patients. The averaged waveforms for the remaining 12 Broca's aphasics and six Wernicke's aphasics are presented in Figs 13 and 14 , respectively. Five aphasic patients (three Broca's and two Wernicke's aphasics) were unable to count, but could discriminate between high and low tones.
Elderly normal controls (n = 9), tone oddball task 640 P. Hagoort et al. Figures 13 and 14 demonstrate clearly that both patient groups show an oddball effect, but the effect is less peaked and of a smaller size than in the normal controls. Moreover, this P300 effect is larger over the right hemisphere than over the left hemisphere. Between the two patient groups no difference is observed in the size of the oddball effect over the centroparietal electrode sites in the 250-500 ms latency range (3.02 |iV for the Broca's aphasics; 2.97 |iV for the Wernicke's aphasics). The ANOVA resulted in a significant oddball effect for the Broca's aphasics [F{ 1,11) = 6.50, MSe =33.7, P = 0.027), and a marginally significant effect for the Wernicke's aphasics [F(l,5) = 5.14, MSe = 20.65, P = 0.073]. Statistical comparisons between the data of the patient groups and the normal controls resulted in a significant Group of Subjects by Probability interaction for both the ANOVA including the data of the Broca's aphasics [F( 1,19) = 7.77, MSe = 24.06, P = 0.012], and the analysis including the data of the Wernicke's aphasics [F(l,13) = 9.18, MSe = 14.59, P = 0.0097]. Both patient groups showed a reduced P300 oddball effect relative to the normal controls.
Just as for the N400 results, we did an additional analysis of the data on the basis of dividing patients into a group of high and a group of low comprehenders. The same two patients who were excluded in the N400 analysis on high and low comprehenders, were also excluded here. Moreover, one patient had only completed a reduced version of the tone oddball, and was excluded for this reason. To have an equal number of patients in the groups of high and low comprehenders, one other patient was selected at random and excluded. Fourteen patients remained, seven high comprehenders and seven low comprehenders. An ANOVA on the mean amplitudes with Group of Patients (high versus low comprehenders) as additional factor, resulted in a significant oddball effect [F(l,12) = 18.11, MSe = 19.59, # P = 0.0011]. In addition, a significant interaction between Group of Patients and Probability was observed [F(l,12) = 5.11, MSe = 19.59, P = 0.043], indicating that the oddball effect was reliably larger for the high comprehenders (5.45 |iV) than for the low comprehenders (1.67 jiV). Comparing the P300 effects in high and low comprehenders with the normal controls resulted in a significant interaction between Group of Subjects and Probability for the analysis including the data of the low comprehenders [F( 1,14) = 14.93, MSe = 16.63, P = 0.002]. In contrast, the oddball effect for the high comprehenders did not differ significantly from that of the normal controls [^(1,14) = 2.12, MSe = 12.51, P = 0.17].
Wernicke's aphasics (n = 6), tone oddball task Right hemisphere patients (n = 8), tone oddball task ERP study o f aphasia Patients with a right hemisphere lesion Figure 15 shows the oddball effect for the patients with right hemisphere lesions. These patients show a fairly peaked P300 to the oddballs, which is larger at PL than at PR. The overall effect of 3.25 |iV over the centroparietal electrode sites is significant [F( 1,7) = 14.21, MSe =11.92, P = 0.007].
However, the oddball effect is smaller than in the normal controls, as is shown by a significant Group of Subjects by Probability interaction in the analysis that compared the data of these patients with the normal controls [F(l,15) = 12.15, MSe = 11.32, P = 0.003]. Figures 16, 17 and 18 present the N400 effects averaged over the four centroparietal electrode sites in the associative list and the semantic list, and the P300 effect in the tone oddball paradigm for the individual subjects in the group of elderly controls, the groups of aphasic patients and the group of non-aphasic patients with right hemisphere lesions, respectively. All individual control subjects except one, showed N400 effects, but with some variation in size between the individual effects for the associative and the semantic list. The nine subjects for whom ERPs were recorded in a tone oddball task, all showed sizeable P300 effects.
Individual subject data
N400 effects were also obtained for the majority of the aphasic patients, but again with quite some variation in the individual sizes of the associative and semantic N400 effects. However, much more striking than the individual variation in the N400 effects, is the sizeable variation in P300 effects. At least three patients (Patients 5, 9 and 16) showed what seems like an opposite P300 effect, i.e. their P300 amplitudes are larger compared with the standards than with the oddballs. The opposite oddball effect did relate to the inability to count the rare tones, which was the case for five patients (Patients 5, 8, 9, 14 and 16 Fig. 19 Summary of the main results. The mean amplitude of the N400 effects in the associative and the semantic list, and the mean amplitude of the P300 effect in the tone oddball paradigm is shown for the normal control group, the aphasic patients with a high comprehension score, the aphasic patients with a low comprehension score, and the patients with a right hemisphere lesion. The aphasic patients were grouped into high comprehenders and low comprehenders on the basis of their language comprehension scores on the AAT.
This opposite P300 effect has also been observed in brain damaged patients by other research groups (M. Rugg, personal communication; cf. Knight et a l., 1988 cf. Knight et a l., , 1989 , but is still without an adequate explanation. It is even unclear whether it should be labelled as a P300 effect, or is better characterized as a larger negativity to the rare tones in the absence of a P300. However, whatever the exact characterization of these abnormal oddball effects, they do not seem to have strong predictive value with respect to the N400 effects. Two patients (Patients 9 and 16) with opposite P300 effects do not show a clear N400 effect, but the third patient (5) does show a normal pattern of N400 effects. The patients with right hemisphere lesions also show variation in their N400 effects, but for the majority of patients with clear N400 effects, the effects for the associative list are consistently larger than the effects for the semantic list. Most patients with right hemisphere lesions show a P300 effect, but these effects are smaller than the ones for the individual control subjects and fall within the range of the individual P300 effects for the aphasic patients.
D iscussion
In this study, we investigated impairments of lexical-semantic processing in aphasic patients with a lesion in the left hemisphere, and non-aphasic patients with right hemisphere lesions. This was done by recording ERPs while subjects listened to word pairs and, in a control task, to high and low tones. In both types of patients, changes in the N400 effects were observed. The main findings are summarized in Fig. 19 , and are discussed below. The following findings are cr c particularly relevant.
Among the aphasic patients, the low comprehenders showed a reduced N400 effect, both for associatively and for semantically related targets. In contrast, the N400 effects of the high comprehenders were close to normal. Although overall the Wernicke's aphasics showed a larger reduction in the size of the N400 effect than the Broca's aphasics, there were no qualitative differences in the pattern of results for these two aphasic patient groups.
In tendency, the patients with right hemisphere lesions showed a pattern of results that was qualitatively different from that of the aphasic patients. Overall, the patients with right hemisphere lesions showed a normal N400 effect for the associatively related targets, but a reduction was observed in the size of their semantic N400 effect. Additional research is required to determine how reliable this reduction is in patients with right hemisphere lesions, and to what degree we see variation in these patients in relation to their lesion site within this hemisphere.
Relative to the group of elderly normal controls, all patient groups showed a reduction in the amplitude of the N1 and in the size of the P300 effects. However, the reduction in neither of these components had any predictive value with respect to the pattern of results for the N400 component. The N1 amplitude was reduced in all brain damaged patients, even in the ones who showed normal N400 effects (e.g. the high comprehenders). Therefore, there does not seem to be an obvious relationship between the N1 amplitude on the one hand, and the presence, absence or size of the N400 effects on the other hand.
P300 effects were also reduced in all patient groups. But again, no clear relationship could be detected between P300 effects and N400 effects. For instance, inspection of Fig. 19 suggests that the P300 effects were smaller in the low comprehenders than in the patients with a right hemisphere lesion, whereas these same groups of patients did not differ in the size of their semantic N400 effect. In addition, the groups of Broca's aphasics and Wernicke's aphasics showed P300 effects of similar size, whereas the N400 effects were clearly reduced in the Wernicke's aphasics compared with the Broca's aphasics. Finally, the computation of a Pearson product-moment correlation between the N400 effects collapsed over the two lists, and the P300 effects for the 26 patients (including the aphasic patients and the patients with right hemisphere lesions) participating in both the word pair listening and the oddball task, resulted in the absence of a significant correlation (p =-0.27; P = 0 .19). This further substantiates the conclusion that the N400 results can not easily be interpreted in terms of a general, aspecific lesion effect, equally affecting different endogenous ERP components.
Together, these results suggest that the pattern of N400 effects can not be explained in terms of a non-specific, straightforward consequence of brain lesion on the characteristics of ERP componentry. Most likely, changes in the pattern of N400 results are related to the nature of the language processing deficit in the patients studied.
Before interpreting the results of the aphasic patients and the patients with right hemisphere lesions in terms of their language comprehension impairment, a few more words should be said about what N400 effects as elicited in this experiment most likely reflect.
In our experiment, the SOA between the auditory primes and targets was 1183 ms, with the silent interval between primes and targets varying between 300 and 840 ms. A wellestablished finding in the priming literature (see Neely, 1991) is that the mechanism responsible for the observed priming effects depends on the length of the SOA. With short SOAs, priming effects are assumed to be largely due to automatic spreading of activation within a lexical-semantic network (Collins and Loftus, 1975; Neely, 1977) , i.e. activation spreads from the semantic node associated with the prime to the semantic node associated with the target, thereby reducing the processing time of the target upon its presentation. In contrast, priming observed at longer SOAs is largely due to using primes for generating expectancies about possible targets (Posner and Snyder, 1975; Becker, 1980 Becker, , 1985 and/ or to a post-lexical process, which has been referred to as post-lexical meaning integration (de Groot, 1985) or semantic matching . This latter mechanism searches for semantic overlap between primes and targets after they have been accessed in the mental lexicon.
The SOA between primes and targets in this experiment is beyond the range of the activation spreading mechanism (Neely, 1977 (Neely, , 1991 . Moreover, Brown and Hagoort (1993) have shown that the N400 amplitude is not modulated by automatic spreading of activation within a lexical-semantic network. Recent research suggests that in the absence of an overt task such as lexical decision, N400 priming effects are largely due to semantic matching (C. M. Brown, P. Hagoort and D. Chwilla, unpublished results) . Together, the relatively long SOA between primes and targets, the absence of a task other than listening to word pairs and the evidence about the processing nature of the N400, suggest that the N400 priming effects that were observed in this experiment were generated by a semantic matching process. In this process, subjects match primes and targets for semantic similarity. A successful match leads to a reduction of the N400 amplitude.
Lexical-semantic impairments in aphasia
The most relevant aspect of the aphasic patient data was the relationship between the size of the N400 effects and the severity of the comprehension deficit in these patients as revealed by a standardized aphasia test battery (the A AT). Patients with clear comprehension deficits (e.g. the low comprehenders) showed a sizeable reduction of the N400 effect, indicating a reduction in their capacity to match words for their semantic similarity. This reduction was independent of the type of semantic relationship between the presented word pairs.
It has been argued that the mechanism underlying semantic matching in a word priming paradigm is not unlike the integration process that occurs in the more common processing of sentences or discourse (Neely, 1991; Brown and Hagoort, 1993) . In both cases, word meaning has to be matched against the semantic specifications of the context, which in this study was another word meaning, but usually consists of the meaning representation derived from a series of words in the sentence context. If we generalize from the results of this study to a context larger than one word, they suggest that comprehension deficits in at least a subset of aphasic patients might arise from an impairment in integrating activated word meanings into the overall representation of sentences and discourse. We therefore predict that low comprehenders also show an abnormal N400 effect when words have to be matched against a whole sentence context instead of a single word context. In fact, that is exactly what we found in a recent study, in which low comprehenders showed both reduced and delayed N400 effects to sentencefinal words that were semantically incongruent with the preceding sentence context (Swaab et a l 1996) .
In addition, no qualitatively different patterns of results were observed in the Broca's and the Wernicke's aphasics. The N400 effects in the Wernicke's aphasics were more reduced than the N400 effects in the Broca's aphasics, but this was equally true for associative and semantic word pairs. Moreover, to a large extent the reduction in N400 effects in the Wernicke's aphasics can be explained as resulting from the relatively high number of low comprehenders in this subject group. This supports earlier claims based on reaction time priming studies (Hagoort, 1993) , arguing that qualitative differences in lexical-semantic processing are not observed between Broca's and Wernicke's aphasics, provided that the patients are not asked to consciously elaborate on aspects of activated word meanings (Graf and Mandler, 1984) . In experimental tasks that require subjects to judge explicitly the semantic relationships between words, Wernicke's aphasics often perform much worse than Broca's aphasics (Hagoort, 1993) . This difference, however, does not necessarily reflect a differential impairment in the on-line, implicit language processing events executed by the language system. Therefore, on-line measures such as ERPs, tapping language comprehension both implicitly and as it unfolds in real time, provide essential information for an adequate characterization of the functional locus of language comprehension deficits in aphasic patients. The cognitive-functional locus of comprehension deficits might be the same in many Broca's and Wernicke's aphasics, but the degree of impairment can vary (cf. Kolk and Van Grunsven, 1985) .
Finally, the similarity of the results for associatively related word pairs and purely semantically related word pairs does not support the claim that the effects elicited by these two types of relationships originate from different levels of representation, namely form level representations and semantic representations (Fischler, 1977; Shelton and Martin, 1992) . Most likely, both types of relationships have their effect at the lexical-semantic level (for supporting evidence, see de Groot, 1990) , but differ in their strength.
Lexical-semantic impairments after right hemisphere lesion
Despite the lack of convergence between studies on lexicalsemantic processing in patients with right hemisphere lesions, on the whole a substantial number of observations suggest that in right-handed individuals, the presence of an intact right hemisphere contributes to the adequate semantic processing of words (for review, see Joanette et a l., 1990) . Recent visual half field studies in normal subjects report differential lexicalsemantic processing in the left and right hemisphere that could be accounted for in terms of the distance of semantic relationships (Rodel et a l., 1992; Beeman et a l., 1994) . The results of these studies suggest a special role of the right hemisphere in the processing of semantically more distant relationships. The right hemisphere is claimed to facilitate the process of connecting more distantly related items (Beeman et a l 1994) .
All related word pairs in our study showed some form of semantic overlap. Word pairs in the associative list contained a number of different semantic relationships, including antonymy, (near-)synonymy and hy pony my. The word pairs in the semantic list all consisted of cohyponyms. However, the degree of semantic overlap varied between the two lists of word pairs. The word pairs in the semantic list were clearly more distantly related than the items of the associative list. Not only were the word pairs of the associative list based on the immediacy with which their relationship could be produced by subjects in an association test, the meaning relationships of the associative word pairs (e.g. 'dark-light', 'crime-murder') appeared to be also more direct and stronger than the relationships of the semantic word pairs (e.g. 'bicycle-bus', 'church-villa' ).
Provided that semantic distance is one of the major distinguishing features between the associatively and semantically related word pairs in this study, the right hemisphere lesions seem to have specifically affected the processing of the semantically more distant relationships. Matching strongly related elements was, however, largely unimpaired in the patients with right hemisphere lesions.
A comparison between the results of the aphasic patients and the patients with right hemisphere lesions suggests that both cerebral hemispheres are involved in lexical-semantic processing, but in a qualitatively different way. The left hemisphere is crucial for the computation of semantic overlap, independent of strength or distance of the semantic relationships. The right hemisphere becomes increasingly relevant to establish coherence between elements with diminishing semantic overlap. This difference is compatible with the notion that semantic information is more coarsely coded in the right hemisphere than in the left hemisphere (Beeman et a l., 1994) .
Conclusion
Finally, we should like to remark upon the usefulness of ERP research for studying language processing deficits in brain damaged patients. To our knowledge this is one of the first neurolinguistically motivated ERP studies on aspects of language comprehension impairments in aphasic patients and non-aphasic patients with right hemisphere lesions (for review, see Hagoort and Kutas, 1995) . This study has shown that reliable ERP effects, uncontaminated by potential task artifacts, can be obtained in brain damaged patients with a language impairment. These effects, however, will only be revealing about the functional nature of the neurolinguistic deficit if, in addition, dissociations between language related and non-linguistic ERP effects are observed. Provided that this and some other methodological concerns are borne in mind (cf. Hagoort and Kutas, 1995) , the exploitation of language-related ERP effects such as the N400 (Kutas and Hillyard, 1980) and the Syntactic Positive Shift (Osterhout and Holcomb, 1992; Hagoort et a l., 1993) offers a fruitful additional approach to studying language deficits related to brain lesion.
In conclusion, the impairments that aphasic patients with clear comprehension deficits showed in matching related words for their semantic similarity, suggest that one functional locus of language comprehension impairments in these patients is at the level of integrating individual word meanings into the overall message representation of the whole utterance. Patients with right hemisphere lesions tended to show a relatively focal impairment in the semantic matching of more distantly related words. This is compatible with the claim that sentence and discourse processing in these patients is particularly affected when the mutual relationships between the constituting elements are rather loose or indirect.
